TN RECENT YEARS certain electrocardiographic patterns have come to be associated with the congenital cardiac malformation called "persistent common atrioventricular canal. " [1] [2] [3] [4] Experience has shown, however, that the electrocardiographic features are not specific for that malformation. They may be observed also in cases in which both great vessels arise from the right ventricle without pulmonary stenosis,5 in certain cases of ventricular septal defect,6 in some cases of atrial septal defect of the ostium secundum type, and in certain cases of aequired heart disease. The same features are observed in cor triloculare biventriculare (common atrium), but this malformation may be considered a variant of persistent common atrioventricular canal. 8 The purpose of this study was Supported in part by research grants H-4014 and H-5694 from the National Heart Institute, National Institutes of Health, U. S. Public Health Service.
Circulation, Volume XXIII, May 1961 necropsy specimens and more than 300 cases of ventricular septal defect observed at operation) yielded 15 cases of isolated ventricular septal defect of the anatomic AV commune type (table 1) . In six cases the anatomic nature of the defect was studied only at the time of cardiotomy under the conditions of extracorporeal circulation. In the other nine cases necropsy specimens were available for study. Each specimen was examined by conventional means; in four cases the specimens were studied also by examining serial sections of the conduction system.
Pathologico-anatomic features of ventricular septal defects have been studied and described, among other investigators, by von Rokitansky, 9 Becu and associates,'0 Kirklin and co-workers,"1 12 and Warden and associates. 13 ratio of R to S in lead V( equal to or less than 1 (cases 1, 14, and 15). One of these three was the case of a 2-month-old child. In the remaining cases the ratio of R to S in lead V6 was greater than 1. 'P Wave. The T wave was found to be negative in lead I in eight cases (table 1, figs. 6 and 7). In two cases it was biphasic; the meaning of this findingr is not clear to us. These changes in lead I were found to be rare in an electrocardiographic-anatomic study of 50 cases of the usual type of ventricular septal defect,29 and they are not emphasized in the literature.
Special Anatomic Features
The ventricular septal defect described herein and considered to be of the persistent common atrioventricular canal type has an anatomic peculiarity: the upper edge of the defect is not bordered by muscle but rather by the tricuspid ring. There are other defects of the ventricular septum that, because of their location, resemble the one described; however, Circulation, Volume XXIII, May 1961 these defects are completely surrounded by muscle and so have a band of muscle separating them from the tricuspid ring.
Findings in Two Related Cases Special study of. two cases was of interest from the point of view of the conduction tissue and the electrocardiograms, although they did not fall into the category of the 15 cases presented in this paper. In one case the pathologic examination revealed two defects ( fig. 8) . One was located posteriorly, close to the tricuspid ring, and the other was found more anteriorly; a band of muscle surrounded the posterior defect and separated it from the anterior one. Study of the conduction system revealed that the bundle of His and its right branch lay between the two defects, in the muscle separating them ( fig. 8) . The electrocardiogram in this case showed the usual pattern found in ventricular septal defect. The mean manifest electrical axis of the QRS complex was + 1000, with a clockwise loop of the QRS in the frontal plane on the scalar electrocardiogram.
In the second case a large ventricular septal defect was located posteriorly. A band of musculature was found between the ventricular septal defect and the tricuspid ring ( fig. 9 ). Although in this case the defect was unusually positioned and suggested the atrioventricular canal type, careful observation proved it to be of the muscular type of defect.
Study of the conduction system showed that the right bundle lay ventral to the defect, in its usual position. The electrocardiogram showed a mean electrical axis of the QRS complex of + 1000 and a clockwise loop in the frontal plane. There were signs of right ventricular overloading and, in some cases, of left ventricular overloading as well.
Discussion
The electrocardiographic findings in our 15 cases have been thought by some authors to be virtually diagnostic of persistent common atrioventricular canal. This study indicates that such electrocardiograms are also characteristic of isolated ventricular septal defect of the types described in this paper. They have Circulation, Volume XXIII, May 1961 Figure 8
Interior of right side of heart with two ventricular septal defects. One defect is located more posteriorly, close to tricuspid ring but surrounded by band of muscle. Other defect is more anteriorly positioned. Dotted lines represent conduction system, which was studied in this case. As shown here, bundle of His and its right branch lay between the two defects (ventral to the dorsal defect) in muscle separating them. (This case is not one of the 15 described in this paper.) also been noted in cases having both great vessels arising from the right ventricle without pulmonary stenosis,5 occasionally in other types of ventricular septal defect,8 and in some cases of atrial septal defect of the ostium secundum type ;7 opportunity has not yet been afforded for careful histologic study of the conduction system in the latter conditions. This defect is different anatomically and hemodynamically from the so-called common persistent atrioventricular canal. It differs surgically also, the surgical risk in these cases apparently being higher than in the usual type of ventricular septal defect.
The electrocardiographic findings were striking. In all instances the mean electrical axis of the QRS complex lay above the isoelectric point, with a vector loop directed in a counterclockwise direction; the chest leads indicated right ventricular "diastolic (volume) overloading" or right ventricular hypertrophy. These electrocardiographic changes (fig. 3) . The bundle retains its primitive relationship to the posterior endocardial cushion and is mislocated posteriorly, skirting the posterior rim of the defect. The elongation and looping of the bundle around the defect ( fig. 3 ) are congenital anomalies, and the developmental basis of these anomalies of the conduction system is probably the same. Such anomalies may be the cause of the alteration in excitation that gives the characteristic pattern on the electrocardiogram.
Summary
Among 60 necropsy specimens of isolated ventricular septal defects and more than 300 cases of ventricular septal defect observed at Cirri4tion, Volume XXIII, May 1961 operation, 15 cases demonstrating unusual anatomic positions of the defect were found. The ventricular defect differed from the ordinary ventricular septal defect in that it usually occupied the position of the ventricular component of the defect in persistent common atrioventricular canal. For this reason it was named ventricular septal defect of the persistent common atrioventricular canal type.
Deformities of one or both atrioventricular valves were common (nine of 15 cases). No atrial septal defects of the ostium primum type were present. Anatomic studies of the conduction tissue revealed that this tissue skirted the posterior and inferior aspects of the ventricular septal defect and that, as in persistent common atrioventricular canal, the course taken by the conduction tissue was unusually long, as a result of the peculiar posteroinferior position of the lower edge of the defect.
The electrocardiographic features were striking. In all cases the mean electrical axis of the QRS lay above the isoelectric point; the vector loop obtained in the frontal plane from the scalar electrocardiogram was directed counterclockwise, and its main mass was above the zero line. In addition, in all cases there were signs of right ventricular overload, and in some cases of left ventricular overload as well.
Electrocardiographic findings of this pattern have been thought by some authors to be diagnostic of persistent common atrioventricular canal, but we observed that they also occurred in each of the cases of isolated ventricular septal defect of the variety described herein. We recognize that in the usual variety of ventricular septal defect this electrocardiographic pattern occurs, but it does so uncommonly. We have not studied its exact incidence. The anatomy, hemodynamics, and surgical considerations are different in cases with this defect from those with persistent common atrioventricular canal. The surgical risk in these cases has been higher than that in the usual type of ventricular septal defect.
In the discussion of the electrophysiologic Circulation, Volume XXIII, May 1961 theories that seek to explain the unusual electrocardiographic patterns in this group of cases, a new theory is offered, based on studies of the conduction system. In our opinion, the different orientation of the advancing fronts of depolarization is the result of congenital displacement of the bundle of His in its relation to the ventricular septal defect.
